This study evaluates the tradeoff between agricultural production and water quality for individual producers using an integrated economicbiophysical hybrid genetic algorithm. We apply a multi-input, multioutput profit maximization model to detailed farm-level production data from the Oregon Willamette Valley to predict each producer's response to a targeted fertilizer tax policy. Their resulting production decisions are included in a biophysical model of basin-level soil and water quality. We use a hybrid genetic algorithm to integrate the economic and biophysical models into one multiobjective optimization problem, the joint maximization of farm profits and minimization of Nitrate runoff resulting from fertilizer usage. We then measure the tradeoffs between maximum profit and Nitrogen loading for individual farms, subject to the fertilizer tax policy. We find considerable * Corresponding Author. Email: mbbostian@lclark.edu; Tel.: 1(503)768-7626 variation in tradeoff values across the basin, which could be used to better target incentives for reducing Nitrogen loading to agricultural producers.
(1)
where N denotes basin-level Nitrogen loading, π represents farm profit, and 92 w N is the market price for fertilizer. 93 We note several important points underlying this general representation. 94 First, the optimal tax rates and fertilizer usage for total profit and Nitrogen 
x n ≥ K k=1 z k x k n , n = 1, ..., N,
where the variables z k , known as intensity variables in this framework, are 119 constrained to allow for non-increasing returns to scale. Given input prices 120 w = (w 1 , ..., w N ) and output prices p = (p 1 , ..., p M ), the profit of the k th 121 farm is computed as the solution to a, b and c. These frontier observations also lie on the profit lines, π * 1 , π * 2 125 and π * 3 , which represent maximum profit levels for input and output prices 126 {(p 1 , w 1 ), (p 2 , w 2 ), (p 3 , w 3 )}.
127
To simulate each producer's response to a 'green' tax policy, we add a targeted proportional tax to the profit maximization model in (3). The objective function under the targeted tax, t k , on Nitrogen fertilizer, the N th input, is The HGA is specified to maximize total basin-wide profit while also min-185 imizing total basin-wide Nitrogen loadings. However, individual tax rates 186 are applied to each farm. Therefore, for this targeted tax policy, it is also 187 Figure 2 : The hybrid genetic algorithm important to understand the tradeoffs that exist for individual producers.
188
To evaluate the tradeoff between Nitrogen loading and crop production at 189 the farm level, we first calculate each farm's share of total basin Nitrogen 190 loading as a function of their fertilizer application rate and HRU location. 191 We then use a directional distance function approach to model individual Ni-192 trogen loading as an undesirable output, produced jointly with the desirable 193 output, crop production. 
201
We make the standard assumption that P (x) is compact and convex, 202 acknowledging that output is scarce and thus, tradeoffs exist at the frontier. 203 We also assume that good and bad outputs are weakly disposable, which 204 allows for their proportional scaling up or down over P (x), meaning that for 205 (y, u) ∈ P (x) and 0 ≤ θ ≤ 1, (θy, θu) ∈ P (x). We relax the usual assump-206 tion of null jointness, that if (y, u) ∈ P (x) and u = 0, then y = 0, due to 207 its violation in practice by one of the farms in our study. Given these as- 
where (g y ∈ M + , g u ∈ J + ) is a directional vector that specifies the si- 
where p = (p 1 , ..., p M ) ∈ M + is the vector of output prices corresponding to 238 y and q = (q 1 , ..., q J ) ∈ J + is the vector of output prices corresponding to 239 u. By definition,
and this, along with the definition of the directional output distance function 241 from (6) and the representation property imply
Rearranging terms in (9),
The directional output distance function can then be recovered from the 
The vector of shadow prices is derived by applying the envelope theorem to 246 (11), so that 
We note that in this application, the desirable output, crop production, 255 is measured in terms of total sales, so that a unit of output is $1.00. This 256 normalizes the price of output, p m , to equal $1.00 as well. 
We estimate the quadratic directional output distance function as a con- tradeoffs, are available from the authors upon request.
